INTRODUCTION
Underwater acoustic detection is a rapidly expanding area and is used in many applications [1 ] . This paper concerns our work with the Acoustic Cosmic Ray Neutrino Experiment (ACoRNE) which uses the acoustic technique to create an acoustic neutrino telescope. Acoustic detection of neutrinos has been investigated, but still needs to be optimized [2 ] .
Traditionally the analysis of underwater acoustics is carried out exclusively on the amplitude response in the frequency domain. No knowledge of the phase response of the transmitter, receiver or channel is assumed or used. As of a few years ago the only system capable of injecting precise phase controlled acoustic signals into seawater was that developed by Blacknor Technology UK [3] , however the implementation detail is vague and subject to commercial secrecy. The traditional technique for injecting acoustic impulses into water is to drop hollow glass spheres which explode when they reach a certain depth [4 ] .
The calibration of acoustic sensors is very important in acoustic detection in order to understand the sensitivity and time response of the sensors. However sensor calibration of sufficient standard, particular with respect to phase information is very expensive (£1000s of pounds per hydrophone) and normally only possible in a few national laboratories such as the National Physical Laboratory Wraysbury facility in the UK.
In our previous work [5, 6 ] we have shown that Linear Time Invariant (L TI) signal processing can successfully be used to calibrate hydrophones and that standard signal processing techniques can be used to produce arbitrary 978-1-86135-369-6/101$25.00 ©2010 IEEE acoustic waveforms. The L TI model for a transmit hydrophone consists of three parts: an RC electrical circuit coupled to a set of damped mechanical masses and an impedance matching network to couple the hydrophone to the water. This can be represented either in State Space or as a transfer function.
An acoustic generation module has been built using PIC microcontrollers for process and control. The NI USB6211 data acquisition commercial module is used to generate signal for comparison. The modelling has been experimentally verified in the water tank in the Sheffield University workshop. This module is expected to be deployed at a sea site to study the behaviour of deep-water acoustic detection sensors to this type of signal.
II.

METHODOLOGIES
This research comprises both simulation and experiment. The methods used in this study can be explained by the following items.
A. Signal processing techniques for calibration
The output signal response of linear time invariant (L TI) system to any input signal can be determined by using convolution operator [7, 8 ] . It states that if we know the impulse response h(t) of a system, we can compute the output response yet) to any inputx(t), as shown in
where yet) is output impulse response and the symbol * denotes convolution.
Alternatively, Fourier and inverse Fourier transforms can be used to transfer between domains (e.g. time to frequency and vice versa). When yew) is the output response, hew) is the system function, and x(w) the is input signal, as shown in (2).
yew) = h(w).x(w) (2) Ideally a Dirac delta function would be used as a driving signal as x( 0»)= 1 and y( O»)=h( 0»). In practice however as an impulse or delta function cannot be easily created, a step signal is chosen in order to generate step response of system. The step response of system is the time integral of its impulse response, hence the impulse response can be calculated from differentiation of known step response. As mentioned, the output response signal is resulted from the convolution between input signal and impulse response.
Similarly, input signal can be calculated from de-convolution of the output response and system function as shown in (3). It is then transferred to the time domain using inverse Fourier transform as shown in (4).
x(w) = y(w)/h(w) (3) x(t) = 2�f:'oox(w)ejwt dew) (4) The method, as described above, has three practical disadvantages [9 ] . Firstly, the data acquisition needs a high signal-to-noise ratio as differentiation is used. Secondly, the step signal input must have a very fast rise time and also high signal to noise ratio. Lastly, the experiment needs to run in large volume or anechoic chamber to avoid reflections. The tank which is available in our workshop has limited volume and reflections soon arr ive from the tank boundaries. To avoid the problems which are already mentioned above, signal processing techniques are used.
The block diagram of signal processing techniques for calibration is shown in Fig. 1 . In practice, a step signal could not be perfectly generated due to the limitation of electronic components. Computer software is used to generate the mimic of perfect step signal (generated in Lab VIEW) as in Fig. 2 . The step signal is sent to transmitter hydrophone. The output signal is detected by a wide bandwidth (7Hz-80kHz) receiver hydrophone; a Bruel&Kjaer type 8106. The hydrophone response is shown in Fig. 3 . The known input to the hydrophone is injected into the L TI software model and the output of the real and model hydrophone are matched by reducing the sum squared error using a NeIder Meade Simplex algorithm [10] . The order of the L TI model is gradually increased to ensure a sufficient goodness of fit. Fig. 4 shows that a fifth-order transfer function (TF) is sufficient to match the hydrophone in question but for other hydrophones higher order transfer functions may be needed. The actual fifth-order TF for this particular source hydrophone (frequency scaled down by a factor ofSOxl0 3) used in this model is shown in ( Monte Carlo studies predict the neutrino interaction will produce bipolar pulses. Earlier studies predicted a pulse of around 10 kHz, whereas more recent studies predict a higher frequency of c. 23 kHz [6] . Both 10 and 23 kHz pulses have been investigated.
The input driving signal of 10 kHz, calculated from (3) is resulted from replacing fitted transfer function and the desired bipolar signal. An inverse Fourier transform is then used to convert the input driving signal from the frequency to time domain by (4), the signal is shown in Fig. 7 . To confirm this modelling the input driving signal is simulated and the output signal is shown in Fig. 8 . The frequency spectrum of 10 kHz signal is illustrated in Fig.  9 . The 23 kHz bipolar pulse procedure replicates that of 10 kHz bipolar signal. The input signal for hydrophone driving is shown in Fig. 10 . Simulated and desired 23 kHz bipolar pulses are plotted in Fig. 11 . The 23 kHz bipolar pulse is plotted in frequency domain as shown in Fig. 12 .
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B. Acoustic signal generation module
Acoustic signals generated with MA TLAB or LabVIEW software are of high quality (16 bits 500 kHz sampling rate), however the cost of such systems are expensive and inconvenient to move and deploy on site. Furthermore the ultimate goal is to excite an arr ay of hydrophones (of the order of 8 hydrophones) simultaneously which is both very expensive and technically challenging using LabVIEW. A number of alternative technologies were investigated. Simulations indicate that at least an 11 bit DAC needs to be used due to the noisy nature of the deconvolution process and obviously a sufficiently high sampling rate is needed (>200kHz).
A PIC18F4585 microcontroller from Microchip was chosen because it is very low cost, can be easily scaled to an array, be easily ruggedized for salt water and can run for many days on battery. A TLV5619 digital-to-analogue converter (DAC) chip is used to convert back to the analogue domain.
Firstly, the desired excitation signal is generated by MATLAB software for the frrst time only. The data is then transferred to flash program memory of PIC via serial port protocol. The data is permanently kept in flash program memory until it is replaced by new data. The PIC system is now stand alone and when it receives a trigger pulse outputs this 12 bit digital data to the DAC at a sampling rate of 250 kHz. The signal is amplified by PA94 hydrophone power amplifier chip and sent out to transmitter hydrophone in underwater. The acoustic signal is detected by the acoustic receiver hydrophone and pre amplified. Finally, the acoustic signal is recorded by a data acquisition module. The block diagram of bipolar signal module and single hydrophone system is shown in Fig. 13 . C. Experiment and result.
In this experiment, the PIC module is used to generate bipolar signal and compared with signals generated with the NI-USB6211 data acquisition module from National Instruments. The parameters used in both modules are shown in table 1. Hydrophone driving pulses at 10 and 23 kHz are generated from both the PIC module and the Lab VIEW system. The sampling rate of the labview system is reduced to 250 kHz to enable more direct comparison of the two methods. The response of this hydrophone is measured by a broad band Bruel&Kyaer (B&K) 8106 hydrophone which has a flat amplitude response and linear phase response over the frequencies of interest. Hydrophone driving and output bipolar signals from PIC module are shown in Fig. 14 for 10 23 kHz bipolar pulse fr om PIC module The NI-USB6211 module is similarly used to generate 10 kHz and 23 kHz pulses for comparison ( Fig. 16 and Fig. 17 respectively) . As can be seen decent bipolar pulses are generated with both the PIC and NI modules. The feature at c. 0. 3 ms is the acoustic reflection from the sides of the tank. There is some deviation of the pulse from the theoretical model, particularly for the 23 kHz pulses. It is possible that this is a thermal effect but further investigation is needed.
III. CONCLUSION
Hydrophone calibration has been developed for UHE neutrino detection. The PIC module has been built for generation of bipolar acoustic signal using inversion. The simulated and experimental results were shown and it was confirmed that the modelling can mimic the expected acoustic bipolar signal. The PIC module and the personal computer and NI commercial module give very similar results. In addition, PIC module is quite inexpensive and very convenient to deploy in the field.
In future work, an 8 channel PIC hydrophone array module is being developed. Using an array also has the advantage that would allow precise calibration of existing and planned acoustic neutrino telescopes. In addition, this acoustic hydrophone transmitter array module will be used to improve the speed and precision of data transmission in underwater communication using the precise control of the amplitude and phase of the signal.
The PIC hydrophone array module is expected to deploy at sea sites to study the behaviour of the array to such acoustic signals. 
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